. In this context, the introduction of forage legumes in the pasture system is fundamental to fix nitrogen from the atmosphere and supply it to grasses, increasing its production and persistence, enhancing animal nutrition as it grazes, at the same time. Still, the use of plant mixes in the system brings further benefits to it, such as better utilization of fertilizers as well as enhances the nutrient cycle and soil coverage. However, there are still many gaps in our knowledge regarding intercropping legumes and grasses, especially the use of tropical legumes. The purpose of this review is compiles data about forage legumes as well as analyses them to find new tendencies and gaps on the knowledge to shed some lights on researches in this area. We also expect that this review will help researchers and producers to understand the role of forage legumes in a pasture system and that there will be an increase in its utilization worldwide, especially in the tropics, where nitrogen is easily leached and lost from the pastures. With emphasis on description of promising tropical legumes but still little used Arachis pintoi, Macrotyloma and Neonotonia whightii.
INTRODUCTION
Since 1996 there have been an increment in animal productivity (production by area unit) in milk as well as in meet and other products in tropical pasture systems without the respective increase in the pasture area (IBGE, 2016) . In Brazil the total pasture area was actually reduced by 3% in the last 10 years, and is estimated to be around 172 million hectares in (IBGE, 2016 . This reduction was accomplished by improving the pastures from its establishment, managing and nutrient reposition, resulting in an increase of the use of fertilizers, *Corresponding author. E-mail: flavia@iz.sp.gov.br Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License especially synthetic nitrogen. However the volume of fertilizers used in pasture in Brazil is still low and estimated to be around 3.6 kg/ha.year -1 of NPK formula (Barcellos et al., 2008) .
Nitrogen, in modern agriculture, is used in large quantities (ANDA, 2016) and it represents the most expensive nutrient applied in crops (Cantarella, 2007) . It is estimated that the use of nitrogen fertilizers warrants the livelihood of 40% of the global population, which it would not be possible without its use (Mosier and Galloway, 2005) .
Amongst the macronutrients, nitrogen is the most important to maintain plant production, mainly in monoculture of grass pastures, because it works in protein synthesis, which in turn will be used in several metabolic processes in the plants, justifying the use of heavy amounts of this element (Raij, 2011) . Therefore, when there is low availability of this nutrient to the plants, the process of pasture degradation is started. Degradation brings great negative consequences to the production system, such as the lost of vigor and the productivity of the forage, reflecting in the capacity of support of the affected areas, leaving them susceptible to undesired effects, such as the attack of insects and the emergence of weeds .
In order to reduce the dependence on synthetic nitrogen in pasture systems there is a search for alternatives to provide this nutrient to the grasses. The most promising at this moment is the use of legumes as forage, which increases the nitrogen in the system of biological fixation of nitrogen (FBN) in symbiosis with bacteria that have an enzyme (nitrogenase), usually from the Rhizobium and Bradyrizobium genera. The FBN is the transformation of N 2 in NH 3 and after that in reactive organic forms (Cantarella, 2007) . Among the forage legumes to use in pastures and used most commonly in Brazil are the genera Arachis, Sthylosanthes, Neonotonia and Leucena, as well as the promising Macrotyloma.
THE IMPORTANCE OF NITROGEN IN PASTURES
The production of grass fed bovines, due its low cost and practicality is the most common system of animal production in the world (Castagnara et al., 2011) . There is the need to apply fertilizers to replace nitrogen in order to maintain or increase production in tamed pastures exclusively with grasses (Mesquita et al., 2010; Da Silva et al., 2010; Gimenes et al., 2011) . This is due to the fact that nitrogen is part of several organic composts, amino acids and nucleic acides, and is necessary in higher quantities than any other nutrient by the plabts (Epstein and Bloom, 2006) .
Nitrogen exists in the soil mostly in its organic form (more than 95% of the total N) and its inorganic fractions may occur as NH 4 + and NO 3 - (Cantarella, 2007) . Tropical soils are generally characterized for low pH, with influences directly the absorption of nitrogen by the plant roots, resulting in a lower intake of this nutrient by the plants.
The absorption of nitrates is greater in lower pH, while the intake of ammonia is greater when pH is near to neutrality (Costa et al., 2006) . Therefore, liming influences and stimulates in many soils the growth of the root system and, in doing so, improves the utilization of the available N.
Soil utilization is a factor that acts directly on the way that crops respond to N fertilization, meaning that where soils were cultivated for just a few years or were kept in rest for a while there will be less response to N fertilization (Raij, 2011) . The reason for it is that it may be occurring mineralization of the organic matter which in turn provides N to the plants.
Furthermore, it is worthy to note that it is also necessary environmental conditions, such as temperature, humidity, luminosity and nutrients availability in order for the grasses thrives in a specific area. Among these conditions, in tropical regions, the nutrient availability is one of the factors that interfere the most in productivity, mainly due the natural acidity of the soils.
If the availability of N is low for a long period of time, there is going to start a degradation process. This is because the plants that show symptoms of N deficiency have their photosynthetic rate diminished due to the yellowish color of its older leaves, which in turn reduces the plant growth, with less productivity. The low availability of N may also affect the root development, the photosynthesis and the production of photoassimilates, as well as the growth rate of leaves and roots (Taiz and Zeiger, 2004) .
Usually N deficiency happens in pastures that do not receive N fertilization or received a lower dose than the recommended, as the availability of N via mineralization of organic matter it is not enough to supply the grasses demand. Therefore, it must be supplemented by N fertilization (Guilherme et al., 1995) . Werner et al. (1996) recommend as a minimum to apply 40 to 80 kg/ha year of N to maintain the pastures, depending on the forage being managed.
However, the responses to N fertilization over the accumulation of forage mass depends on the potential of forage production, the relationship between the photosynthetic rate and the concentration of N, and the expansion and spatial distribution of the leaves in the pasture canopy and its impact in the light interception (Gastal and Lemaire, 2002) . The nitrogen, because of its active participation in the synthesis of organic compounds, may change the structural characteristics of the plants, such as the size of the leaves, and tiller density, as well as its morphogenic characteristics, such as the rate of leaf appearance and leaf senescence (Lemaire and Chapmam, 1996; Lemaire et al., 2011) .
Grass tillering is influenced by N fertilization (Jewis, 1972; Hodgson, 1990; Chapman and Lemaire, 1993) . N fertilization has a direct effect over the tiller population and its density also in tropical grasses, which is determinant to forage biomass production in pastures, according to Alexandrino et al. (2004) , Fagundes et al. (2005) , Pates et al.(2007) , that evaluated Brachiaria brizanta cv. Marandu, Brachiaria decumbens cv. Basiisk and Panicum maximum cv. Tanzania, respectively. Thus the number of leaves in a plant increases as the number of tillers also increases., which is an important characteristic for establishing forage productivity. However, de Fialho et al. (2012) did not find significant differences between pastures that were fertilized with N with doses varying from 50 to 200 kg/ha.year, probably due the phenotypical plasticity of the species B. brizantha cv. Marandu. Other than increasing tiller population and density, N fertilization increases the ratio of young tillers in the pasture, as the nitrogen speeds the appearance and death of tillers, increasing directly the tiller's rate of senescence, due to its continuous renovation. If N fertilization is used, the forage must be harvested more frequently so the senescent material does not accumulate and the nutritive value of the forage does not decrease (Paiva et al., 2011) .
The rate of leaf appearance, defined as the number of leaves that appear per tiller during a certain period of time, it is central to the plant morphogenesis, because it may change the size of the leaves, the tiller's density and the number of leaves per tiller (Lemaire and Chapman, 1996) and also suffers the influence of N fertilization, as the N fertilization stimulates plant growth, bringing as a consequence the internodes elongation, which makes the leaf to be expelled from the sheath of the previous leaf, thus increasing the rate of leaf appearance (Oliveira et al., 2007) .
There are some words to describe the leaf appearance and among them there is the term "phyllochron", defined as the interval between the appearance of two successive leaves. Phyllochrons may be reduced with N fertilization because it increases the plant growth, resulting in bigger regrowth capacity, given to the plants a fast replacement of leaf area (Lemaire and Chapman, 1996) . Cassol et al. (2011) observed that with the utilization of nitrogen there was a greater amount of leaves produced by oats in 45 days than in 60 days without its use, noted that if N fertilization was not used in oats (Avena strigosa) and ryegrass (Lollium multiflorum) the plants needed 15 more days to accumulate a similar amount of dry matter than when N fertilization was used. This proves the influence of nitrogen in the production of citocinine, an hormone responsible for the plant growth and that acts activating of the process of cellular division and differentiation (Marschner, 1995) . Nitrogen fertilization also helps with the activation of the meristematic tissues in plants, reducing the number of dormant gems and promoting maximum tilling in grasses (Jewiss, 1972) .
Providing N to the plants increases the dry matter production in temperate grass pastures, such as perennial ryegrass (Quatrin et al., 2015) and also in tropical forages, as reported for guineagrass (Panicum maximum IPR-86 Milenio) (Sarmento et al., 2005) , brachiaria palisadegrass (Brachiaria decumbens cv. Ipean) (Fagundes et al., 2005) , Marandu palisadegrass under continuous stocking (Mesquita et al., 2010) and rotational stocking (Gimenes et al., 2011; Costa et al., 2016) . Taffarel et al. (2016) observed that the N fertilization increased dry matter production because altered the structural characteristics of the plants, such as a higher canopy, longer stems, higher leaf elongation. Costa et al. (2016) founded that topdressing N fertilization in Marandu palisadegrass increases dry matter production and N-accumulation in plant tissues.
FORAGE LEGUMES AS A NITROGEN SUPPLIER
Monoculture of forage species was used for many years in pastures. However most of this areas are now degraded or in some stage of degradation, due mainly to mismanagement and/or for lack of nutrient reposition, especially because of low N availability (Dias-Filho, 2014) . In Brazil, country with roughly 172 million hectares of pastures (IBGE, 2016) , the problem of degradation in pastures is very significant. Based on the total area of pastures in Brazil, according to official data (IBGE, 2016), it would be possible to estimate that around 100 million hectares of pastures in that country would be subject to some sort of remediation because these areas would be in a moderate to high level of degradation.
Even though there is N deficiency in pasture systems, nitrogen is the most abundant element in the atmosphere, with approximately 80% on its composition. However it is found in a form that cannot be captured and metabolized by plants (N 2 ). It can be absorbed by most of the plants in the form of NH 4 + or NO 3 -that are compounds more reactive and present in the soil. In legumes, that are plants of the Fabaceae or Leguminosae the nitrogen present in the air in its N 2 form is transformed by the enzime nitrogenase into NH 3 by bacteria that receive energy from the plants and transfer nitrogen in turn to them. Plants spend energy in this process but obtain, as an advantage, nitrogen, even if the soils are poor on it (Taiz and Zeiger, 2004) . Biological nitrogen fixation is the process that changes inert N 2 to biologically useful NH 3 . After incorporation of N in the legume plant tissue, its plant remains will go to the soil and become organic matter, where N is mineralized to the forms NH 3 and NH 4 that can be absorbed by the grasses (Raij, 2011) .
In the industry, for every kg of N produced, 15 Mcal of energy is spent to produce it, energy that is coming from fossil fuel, which is not sustainable and is dependant in oil (Resende et al., 2003) . As the price of fossil fuel skyrocket in the 70's, the research regarding biological fixation of nitrogen (FBN) was stimulated (Serraj, 2004) .
FBN has an important role supplying N to agricultural systems as is estimated that FBN contributes with 32.0 Tg/year of N, or around 30% of the N produced artificially as a fertilizer. In Brazil the amount of N supplied by FBN is around 7.3 Tg/ano -which is almost three times the amount produced by the industry (Cantarella, 2007) . Diehl et al. (2013) said that mixed systems with grasses and legumes provide a better utilization of the pastures all year round, presenting also more forage mass production and a higher stocking rate. Furthermore, areas that were cultivated with legumes have an effect on the next crops (Mesquita et al., 2015; Alves et al., 2016) as the legumes capture and release N into the system.
The introduction of legumes in pastures that have only grasses is a sustainable alternative and rarely used. It may help improve soil quality, reduce N fertilization and bring ecological benefits to the system production, as well as improve the quality of the animal diet (Barcellos et al., 2008) .
The reduction of the use of nitrogen fertilizers in pasture systems via the implementation of legume forages have a direct effect in the reduction of the emission of greenhouse gases and pollutants, as well as reduce the impacts of the eutrophication in water bodies, because it lowers the lixiviation of nitrates, thus lowering the cost of production. However it is important to notice that the mix grass x legume must be adaptable and compatible with local conditions, as well as resist to insects and diseases, in order to be persistent and permanent (Valle and Zimmer, 2013) .
The legumes seedlings emerge from the soil without any association between roots and rhizobia and may never have the association until the end of its cycle (Epstein and Bloom, 2006) . These same authors also relate that in conditions where N is limited the symbionts reach out one to each other, via signal exchange, which results in the process of infection and development of the nodules that will capture nitrogen. The most common symbiosis occurs between legumes and bacteria known as rhizobia, which includes the Rhizobium and Bradyrhizobium genera.
The FBN occurs through the symbiosis between the microorganisms that exists in the soil and the plant legumes, contributing to the self-sufficiency of all plants (legumes and grasses) of the mixed pasture as the source of nitrogen, The legumes transfer nitrogen to the grasses of the system through the decay of its vegetative material that fall in the soil, exudates and through the roots. Carranca et al. (2015) noticed that visible roots and nodules of the legume European yellow lupine (Lupinus luteus L.) and subterranean clover (Trifolium subterraneum) may contain from 7 to 11% of the total N fixed by the plant.
Thus, the release of the N fixed in the soil will supply the needs of the legume and the grass established. This association may incorporate up to 500 kg/ha.year of N (Siqueira and Franco, 1988) . However, data from tropical legumes show lower quantities of N fixed per year. Giller (2001) in his book reports that FBN in tropical legume species such as Arachis pintoi may fix from 1 to 7 kg/ha of N in a 12 week period of evaluation in Colombia (estimated 4 to 21 kg/ha.year); Calopogonium mucunoides supplied from 136 to 182 kg/ha.year and 64 kg/ha.ano in the Samoa Island and in Brazil, respectively; for Stylosanthes spp. cultivated in Australia the N fixed was 39 kg/ha in a 17 weeks period (estimated 110 kg/ha.year).
The lower values for N fixed per year in tropical regions, when compared to the potential fixation, may be associated to the higher exigency level for nutrients by legumes versus tropical grasses (Werner et al., 1996) , not always met by the soil reserves, often acids and low in phosphorus, calcium and micro nutrients. Another difficulty for increasing N fixation is the fact that legumes are plants that have a C3 carbon metabolism, whereas tropical grasses are plants with a C4 cabon metabolism and ideal temperature around 35°C, which makes tropical grasses more aggressive in competition for water and efficient in its utilization of nitrogen (Corsi and Nascimento Junior, 1984) . These two limitations for the complete development of forage legumes in mixed systems of tropical pastures help to explain the low persistence of the legumes in these systems and demonstrate the great challenges that must be surpassed by research. Spain and Pereira (1985) estimated that the ideal ratio of legumes in consortium with grasses in temperate pastures is from 20 to 40% of the forage mass expressed in dry matter of the pasture, in line with information from Thomas (1992) that estimated the ideal ratio above 20 to 30% of total mass of forage. Saia et al. (2016) researching several temperate legumes and ryegrass reported the presence of legumes in the mix varying from 30% (Trifolium resupinatum L.) to 69% (Trigonella foenum-graecum L.) of the total forage mass. Aguirre et al. (2014) reported problems with excessive participation of common vetch (Vicia sativa L.) during the winter (56% of the forage mass), reducing in the summer to 8.8% in a mix with Coastcross grass (Cynodon dactylon L. Pers. Cv. Coastcross-1), while arrowleaf clover participated with 17.6 to 5.8% of the forage mass also in mixed pasture with Coastcross.
There are no specific studies to estimate the ideal range of participation of the legumes in the forage mass in tropical grasses and legumes in mixed pastures. However the presence of legumes even below 20% has shown an increase in the forage mass and also in the nutritive value of the pasture. Pinheiro et al. (2015) reported that pastures with 14 to 17% of Brazilian stylo Campo Grande (a mix of 80% Stilozanthes capitata and 20% S. macrocephala) in the composition of the forage mass in a mix with Tanzania guineagrass (Panicum maximum cv. Jacq. Tanzania 1) produced forage equivalent to a pasture fertilized with 75 and 150 kg/ha of N. Martuscello et al. (2011) compared the dry matter production of Brachiaria decumbens with Estilozantes cv. Mineirao (Stylosanthes guianenses), Calopo (Calopogonium mucunoides) and a pasture fertilized with 50 or 100 kg/ha of N and concluded that the dry matter production of the mix with Brazilian stylo was similar to the pastures fertilized with 100 kg/ha of N, while the mixed pasture with Calopo did not differ of a pasture without fertilization with N. However, there is no mention in this research of the ratio of the legume forage mass and total mass, which cannot explain if the presence of Calopo was enough to be effective in the total mass of forage in the pasture.
On the other hand, in a experiment conducted in the Instituto de Zootecnia, in Nova Odessa, Brazil, where legumes were implanted in separate plots in pastures already established with Aruana guineagrass (Panicum maximum cv. Aruana) for 5 years, Calopo was the legume that persisted in the pasture with the lowest ratio, when compared with other legumes, with a total forage mass of 13.3%, and, as a result, the protein brute in this mixed pasture was similar to pastures with a monoculture of Aruana guineagrass (Gerdes et al., 2009) , which indicates that to increase the presence of Calopo in established pastures more research must be done.
Even if a reduction of the presence of forage legumes, or its complete extinction from the system, occurs, there will be a persistence in the N cycling and there will be some benefits for the mixed pasture. According to Menezes et al. (2015) would be necessary from 130 to 150 kg/ha of N to maintain the pasture productivity in areas with Xaraes palisadegrass two years after the disappearance of Brazilian stylo that exists in that pasture before, at the ratio of 34 and 52%. Also in this research Alves et al. (2016) evaluated the production and morphogenic characteristics of Xaraes grass and concluded that there was a residual effect from the incorporated nitrogen to the system by the legumes.
The amount of N incorporated by legumes in pasture systems range from 75 to 150 kg/ha.year of N (Martuscello et al., 2011; Menezes et al., 2015; Pinheiro et al., 2015) and are very significant to the maintenance of pasture productivity, avoiding the degradation of these systems, justifying financially environmentally researches to use forage legumes in mixed pastures.
CHARACTERÍSTICS OF SOME PROMISING LEGUMES TO USE IN TROPICAL REGIONS
The utilization of legumes as a forage is a promising alternative in the search for sustainability in several types of climate and soils. Brazil is considered a continental country and has several biomes bringing with them Gimenes et al. 89 variations on climate, soils and its natural acidity. Acidity is one of the main factors that may affect the establishment of legumes. However some tropical forage legumes are highly adaptable to soils with low fertility and acids (Barcellos et al., 2008; Andrade et al., 2015) . By the end of the 80's several were the studies with legumes and many of the plants shown potential and were efficient. Even showing potential, many of them are still unexplored due to low initial growth and lack of persistence of some species, recognized as the most limiting characteristic impeding its use.
Currently the cultivars of forage legumes that have being more studied and, thus, have more information compiled are: Brazilian stylo (Stylosanthes spp.), forage peanut (Arachis pintoi) and leadtree (Leucaena spp.), as they are more cultivated and/or promising.
There is an attempt, on this review, to discuss legumes that have a high potential to be used in mixed pastures with grasses but they are still underused by rural producers, like Neonotonia wigthii (perennial soybean), Macrotyloma axillare (perennial horse gram). Among them, there is Arachis pintoi (forage peanut), because even though there are several studies about this genotype it is not well utilized by the producers, probably because the need to reproduce them by seedlings which makes it more expensive and difficult to disseminate.
Perennial soybean (Neonotonia wightii)
Perennial soybean is originally from Africa and is also found in Southwest Asia (Tang et al., 1987) . Perennial soybean is one of the most known forage legume in Brazil, due to its adaptability to the local climate changes. It was introduced in Brazil by the Instituto Agronomico de Campinas in 1956 (Alcantara and Mattos, 1976) . It needs fertile soils, with pH around 6.0 and it is exigent in phosphorus as some other legumes are. It is considered by Barcellos et al. (2008) as a possible invasive in areas of crop-pasture integration because it benefits from the fertilizations done to the crops.
It is a perennial legume, herbaceous, prostrated, voluble, with trifoliate, oval and elliptical leaves and deep root system (Veasey et al., 1993) . In ideal conditions this plant can fix from 40 to 140 kg/ha.year of nitrogen, if its nutritional needs are met and the pH is in an adequate range (Carvalho, 1986) . Werner et al. (1996) classify this legume in the Group I of exigencies in soil fertility, recommending a soil base saturation to its implementation around 70 and 60% to its maintenance. Barcellos et al. (2008) highlight the species low tolerance to overgrazing which is consistent with its growth behavior (voluble) and its good natural reseeding. Perennial soybean (N. wightii Verde cv. Tinaroo) as a monoculture in pastures shown to be very promising as animal fodder and resulted in higher weight gain in beef cattle (1,375 kg/ha of weight gain) then Green Panic grass (Panicum maximum var. Trichoglume cv. Petrie) fertilized with nitrogen (75 kg/ha.year of N) (1,047 kg/ha of weight gain) in an experiment conducted for 4 years (Lourenço et al., 1998) .
Before they started this experiment, grasses and legume had being seeded in together. However an insect attack (spittlebug) on the Green Panic helped the perennial soybean to dominated the pasture and it becomes exclusive, indicating a great potential to be planted in such with other grasses (Lourenço et al., 1998) . The authors note that the pastures were fertilized before the experimental period started with phosphorus (100 kg/ha P 2 O 5 ) and potash (60 kg/ha K 2 O) and the pastures that had only legumes were fertilized with micro nutrients (5 kg/ha of copper sulphate, 5 kg/ha of zinc sulphate and 200 g/ha of sodium molybdate), which may be one of the causes to the high persistence and animal productivity of the perennial soybean-exclusive pasture. Gerdes et al. (2009) reported that when perennial soybean (N. wightii NO 2348) was seeded in Aruana guineagrass pastures five years old it reached 42.2% of the total forage mass one year after its seeding when grazed by sheep, standing higher than the 20% recommended by Spain and Pereira (1985) as a minimum ratio. There was a significant transfer of nitrogen from the legume to the grass, which increased the protein brute of the grass to 10.9% when compared to pasture of exclusively Aruana guineagrass (9.3% PB). It was emphasized that P and K was supplied, as well as micro nutrients, which are important to meet the nutritional needs of the forage legumes.
The studies with N. wightii have being rescued by group of researchers in order to increase the knowledge about this plant so it can be introduced in new mixed pasture. The results obtained in hothouses evaluating the access of perennial soybean N. wightii NO 278 described its implementation capacity (Silva et al., 2016a) and the morphogenesis of its development using the elongation rate of its leaflets in length and width in its initial phase (Silva et al., 2016c) .
Perennial horse gram (M. axillare)
Another option as a promising forage legume is M. axillare that was originally from tropical Africa (Bogdan, 1977) and it was introduced in Brazil in the middle of the 60's when a collection was sent to the Instituto de Zootecnia (Rocha, 1988; Paulino et al., 2008) . It is a perennial plant, herbaceous, climber, voluble with branches finely pubescent and trifoliate leaves (Bufarah et al., 1981) .
This legume has important characteristics to adequate itself in a pasture system, especially in regions where the soils are deficient in nutrients; it is fast growing and has good tolerance to low fertility soils, as already noticed by Werner et al. (1996) when it was classified in the group with a lower exigency among the forage legumes, needing a soil base saturation around 50%. Furthermore its persistence is high under grazing, because it has its growing favored for a low acceptance by the cattle, due to its bitter flavor due to its tannin content (Barnes, 1996) . Matos and Pedreira (1984) observed that this species has good growth along the different seasons of the year, which is a very important factor to productivity and persistence of the forage plant. Also in some recent studies Silva et al. (2016b) described the establishment of the perennial horse gram access and the morphogenesis of its development through the elongation rate of the leaflets and its length and width during the initial phase (Silva et al., 2016c) .
Perennial horse gram access M. axillare NO 279 did not shown differences in its development with increasing doses of calcium (Barbosa, 2016) , corroborating the information from Werner et al. (1996) , which was its good tolerance to acid soils and with low base saturation. On the other hand, increasing phosphorus doses increased the dry matter mass production of the shoots, roots, nodules, leaf area, leaf numbers, branch numbers and nodule numbers (Barbosa, 2016) indicating the need for supplying phosphorus even in soils with median level of this nutrient (above 15 mg/dm 3 described by Werner et al., 1996) . Gerdes et al (2009) in an experiment already described for perennial soybean observed a good stand of M. axillare NO 279 in Aruana guineagrass pastures, with the legume reaching up to 43.2% of the forage mass after one year of the seeding and the protein brute of Aruana guineagrass reaching 11.9% among all mixed pastures.
Pinto peanut (A. pintoi)
A. pintoi is a native plant from the Cerrados of Brazil, adapted to acid soils and low fertility. The cultivar Belmonte is prominent in tropical regions because of its high nutritive value, high persistence and tolerance to shade, showing that it is apt to mixed pastures with grasses (Barcellos et al., 2008) , A. pintoi cv. Belmonte is an herbaceous plant with stolons that is vegetative propagation (Paganella and Valls, 2002) .
The genus Arachis comprises plants adapted to tropical and subtropical conditions with uniform rainfall and a dry season not superior to four months (Ramos et al., 2010) . As per its persistence, A. pintoi cv. Belmonte have characteristics such as a prostrated growth behavior and it is stolonifera (which protects the plant from grazing), long life cycle and tolerance to shade (Andrade et al., 2006) . Assis et al. (2008) evaluated 21 genotypes of pinto peanut and observed that the dry matter production varied from 1,609 to 4,132 kg/ha.year, and the Belmonte cultivar was a highlight among all genotypes. It is worthy to note that the mix between Belmonte cultivar and the forage grasses has increased the productivity and profitability of the systems where it is already in use (Andrade et al., 2012; Oliveira, 2007) . Fialho (2015) studying the characteristics of A. pintoi cv. Belmonte under continuous stocking observed that the grazing intensity increases the leaf appearance rate, thus given evidence that this plant is capable of adjusting its growth at different defoliation rates. Furthermore, the results indicate a consistency in the leaf area index, which indicates that the Belmonte cultivar has a higher adaptation capability, which may be useful as it gives more flexibility to be used and managed.
